The soluble activity in lymphocytes which converts phosphatidylinositol into 1,2-diacylglycerol and inositol phosphates requires Ca2+ ions. At pH7 maximum activity occurs at [Ca2],fre.
The calculated values for [Ca2+] free must be regarded as approximate, as we were working under non-standard conditions: our incubations were at 37°C and I approx. 0.01 mol/l, whereas the quoted values for Ca2+ chelation by EDTA and EGTA were for 25°C and I= 0.1. The combined effects of these deviations would be expected to decrease the true [Ca2+] free values to about half those quoted. The presence of phosphatidylinositol would decrease these values further, but the extent of this further effect is difficult to assess (see the Results section).
The effects of addition of other cations were studied both in the presence of a fixed free Ca2+ concentration (approx. 10pUM, buffered with Ca2+-EDTA) and in the presence of a small final concentration of unbuffered Ca2+ (approx. 6pM); this Ca2V, which represented that present in the sample of the soluble fraction which was used as the enzyme preparation, was estimated by atomic-absorption spectroscopy (Willis, 1961) .
Results
Requirements for Ca2+ at pH7.0 and 5.5
EDTA and EGTA both caused essentially complete loss of activity at pH7.0 whereas o-phenanthroline had no effect (Fig. 1) . Activity was restored by Ca2+ but not by Mg2+.
The concentration of ionized calcium required to restore activity at a phosphatidylinositol concentration of 1.2mM was determined by using Ca2+-EDTA and Ca2+-EGTA buffers (Fig. 2) (Raaflaub, 1960 ; and see also the Materials and Methods section). Assays were conducted at pH7.0 (@, 0) and at pH 5.5 (m), at substrate concentrations of (a) 1.2mM and (b) 0,12mM. 1974 be lower at either lower or higher phosphatidylinositol concentrations (Fig. 4) (Fig. 4) . Since, from the data obtained by using ion buffers, approx. 0.5-1.OpuM-free Ca2+ seems to be the concenOa-I100. The incubation media contained 2mM-EDTAand sufficient CaCl2 to give, at each pH, a free Ca2+ concentration of approx. 1 ,uM (Raaflaub, 1960 ; and see also the Materials and Methods section).
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.8 [KCI] (mM) Fig. 5 . Effects of chlorpromazine, cinchocaine and KCI on phosphatidylinositol cleavage at pH7.1 Increasing concentrations of cations were added to incubations in which either (a) the free Ca2+ concentration was buffered to approx. 10#M with EDTA (Raaflaub, 1960 ; and see also the Materials and Methods section), or (b) the total Ca2+ concentration (unbuffered) was approx. 6pM. These data can be considered in conjunction with those in Fig. 6 of the preceding paper (Allan & Michell, 1974) , in which these cations were added to assays containing a total Ca2+ concentration of 0.4mi. 0, KCI; A, chlorpromazine; *, cinchocaine. Allan & Michell, 1974) , probably by decreasing the negative charge of the substrate. If, however, these cations were added to incubations in which the only Ca2+ (approx. 6pM total concentration) was that present in the enzyme preparations, then activation was observed at low concentrations, followed by inhibition at higher concentrations (Fig. Sb) . It seemed likely that this pattern was a comnposite one which resulted from a combination of (a) activation owing to Ca2+ release from binding to phosphatidylinositol at low cation concentrations, and (b) inhibition at high cation concentrations. This interpretation is supported by the further observation that in the presence of a free Ca2+ concentration ofapprox. 10plm ,bufferedwithEDTA, thestimulatory portion ofthe response was not seen, but the inhibition still occurred (Fig. Sa) .
Discussion
It is clear from the observations reported here and in the accompanying paper (Allan & Michell, 1974) that lymphocyte soluble fractions contain an enzyme(s) which catalyses phosphatidylinositol cleavage at a pH and free Ca2+ concentration similar to those thought to prevail in the cytosol of many cells. The activity seen at pH5.5 and much higher Ca2+ concentrations, although studied in some detail in several tissues (Kemp et a!., 1961; Atherton & Hawthorne, 1968; Friedel et al., 1969; Keough & Thompson, 1972; Jungalwala et al., 1971; Dawson et al., 1971) , seems unlikely to be of significance under physiological conditions. Both activities could be properties of the same enzyme, with activity at pH 5.5 representing an interesting but physiologically irrelevant facet of its character. If this proves to be so then a pH7.0 activity similar to that described here should be found wherever at pH 5. 5 (Hauser & Dawson, 1967 , 1968 ; K+ and Na+ are relatively ineffective, bivalent ions are much more effective and amphiphilic cations (cinchocaine, a local anaesthetic, and chlorpromazine) are very effective. Concentrations of NaCl and KCI which mimic the intracellular ionic strength partially inhibit phosphatidylinositol cleavage, even when the [Ca2+] frec is buffered to a fairly stable value (Fig. Sa) .
It is clear, however, that even under these conditions a considerable proportion ofthe total activity remains expressed provided that sufficient Ca2+ is available to activate the enzyme.
Opinions are at present divided on whether the activity which cleaves phosphatidylinositol is likely to be the same as (Kemp et al., 1961; Atherton & Hawthorne, 1968; Keough & Thompson, 1972) or different from (Thompson & Dawson, 1964; Tou et al., 1973; Palmer, 1973 ) that which attacks diphosphoinositide and triphosphoinositide. It is of interest, therefore, that the effects of chelators and ions which we have observed are in many ways similar to effects reported from studies of enzymes from several sources, each of which attacked the glycerol-phosphate linkage in one or more of the phosphoinositides. Whenever appropriate assays were reported activity was unaffected by o-phenanthroline (Thompson & Dawson, 1964; Palmer, 1973) but inhibited byEDTA (Kemp etal., 1961 ;  Thompson & Dawson, 1964; Atherton & Hawthorne, 1968; Palmer, 1973; Tou et al., 1973) and, more important, byEGTA (Lapetina & Michell, 1973b; Palmer, 1973) .
Ca2' has generally been reported to activate (Kemp et al., 1961; Atherton & Hawthorne, 1968; Keough & Thompson, 1972; Tou et al., 1973; Lapetina & Michell, 1973b (Kemp et al., 1961; Palmer, 1973) . Amphiphilic cations (Thompson & Dawson, 1964; Keough & Thompson, 1972; Palmer, 1973) , bivalent cations other than Ca2+ (Kemp et al., 1961; Thompson & Dawson, 1964; Atherton & Hawthorne, 1968; Tou et al., 1973) and NaCl or KCl (Thompson & Dawson, 1964; Keough & Thompson, 1972; Palmer, 1973 ) have all shown activation effects which appear compatible with a role in releasing traces of bound Ca2+ from binding to phosphoinositides. Further, excess of either bivalent cations or of an amphiphilic cation has on several previous occasions been shown to lead to a decrease in activity (Kemp et al., 1961; Thompson & Dawson, 1964; Keough & Thompson, 1972; Tou et al., 1973) ; the only exceptions have been when activity was measured at a high Ca2+ concentration either at the lower (approx. 5.5) pH optimum (Atherton & Hawthorne, 1968; Allan & Michell, 1974) or at pH7.0 in the presence of an amphiphilic anion (Lapetina & Michell, 1973b) . In brain the activities against phosphatidylinositol and against triphosphoinositide are both localized in part in the plasma membrane (Keough & Thompson, 1970; Lapetina & Michell, 1973b) . There are thus great resemblances in the properties of the inositidecleaving enzyme activities from several sources. In particular, all appear likely to be dependent on the presence of a very low concentration of Ca2+: it is not possible from the available data to decide finally whether or not the activities which cleave the different inositides are properties ofthe same enzyme species.
The range of Ca2+ concentrations over which activation occurs with the lymphocyte soluble enzyme in vitro is much the same as that in which Ca2+ exerts intracellular control of a variety of activities such as contractility, phosphorylase activation and cyclic AMP breakdown (see, for example, Rasmussen et al., 1972) . Many stimulated cells, including lymphocytes, show both enhanced phosphatidylinositol turnover (Lapetina & Michell, 1973a) and changes in the rates of movement of Ca2+ across their surfaces and between intracellular compartments (Allwood et al., 1971; Whitney & Sutherland, 1972; Rasmussen etal., 1972) . It therefore seems possible that the cytosol Ca2+ concentration may be one of the factors which controls the rate of phosphatidylinositol turnover. However, other controls probably also apply, since (a) phosphatidylinositol turnover in pancreas and adrenal medulla can be stimulated by acetylcholine in the absence of extracellular Ca2+ (Hokin, 1966; Trifaro, 1969) , and (b) prolonged treatment of muscle with EDTA is needed before its phosphatidylinositol turnover decreases appreciably (Lennon & Steinberg, 1973) . Further, a very approximate calculation suggests that in quiescent lymphocytes the observed rate of phosphatidylinositol turnover would be accounted for by phosphatidylinositol cleavage at about 0.01 % of the optimum rate; such stringent control seems unlikely to be achieved by Ca2+ alone. Another observation which, at first sight, might suggest a key role for Ca2+ is that reagents which displace bound Ca2+ from membranes and phospholipids (e.g. cinchocaine, chlorpromazine, propranolol) evoke increased 32P, incorporation into phosphatidylinositol in nerve (Salway & Hughes, 1972) , pineal (Eichberg et al., 1973) , lymphocytes and parotid (D. Allan, L. M. Jones & R. H. Michell, unpublished work). However, as Eichberg et al. (1973) noted, the pattern of the response differs from that elicited by physiological stimuli; it now seems likely that these agents enhance phosphatidylinositol synthesis de novo rather than stimulating its turnover (D. Allan & R. H. Michell, unpublished work) .
